Context: Long-term levodopa therapy for Parkinson disease commonly results in motor complications including "on-off" fluctuations and dyskinesias, but it is still unclear how best to assess treatment effects on dyskinesias in clinical trials.
W
ITHIN 5 years of diagnosis approximately half of the patients with Parkinson disease (PD) treated with levodopa develop motor complications, including "on-off" fluctuations and dyskinesias. 1 Dyskinesias often exhibit a dose-dependent relationship with dopaminergic therapy, diminishing with dosage decreases and worsening with increases. 2 The pathophysiological origins of these phenomena have not been definitively established; however, the mechanism underlying the development of dyskinesias may be distinct from that of levodopa's antiparkinsonian properties. [3] [4] [5] [6] [7] [8] Systemic administration of Nmethyl D-aspartate (NMDA) antagonists can ameliorate levodopa-induced dyskinesias without a reduction in antiparkinsonian response in both primates and rodents. 6, 9, 10 Oh and colleagues 11 have reported that intermittent stimulation of normally functioning dopaminergic receptors activates intraneuronal signaling pathways in striatal spiny neurons that alters the phosphorylation state of coexpressed NMDA glutamate receptors. This causes an increased sensitivity of these glutamatergic receptors to cortical input to the striatum and consequent motor fluctuations and dyskinesias. 11, 12 Thus, NMDA antagonists may reduce or prevent the development of these motor complications.
Remacemide hydrochloride is a noncompetitive NMDA channel antagonist with antiparkinsonian efficacy in rodent and primate models of PD when used in combination with levodopa, but not when administered alone. 13 It is safe and well tolerated in patients with PD, and prelimi-
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A complete list of the authors appears on page 1668. nary studies indicate that it may improve motor fluctuations in levodopa-treated patients. 14, 15 Whether it has a significant effect on dyskinesias has not yet been established, but it has been suggested that an NMDA antagonist effect accounts for the efficacy of amantadine hydrochloride treatment in improving levodopa-induced dyskinesias. 16 We planned this preliminary multicenter randomized, double-blind, placebo-controlled, parallel-group study to evaluate the effects of 3 different dosages of remacemide in patients with PD who have disabling dyskinesias. Since no standard criterion for the evaluation of dyskinesia severity within a clinical trial exists and the problem is multifaceted, we used several methods of assessment to determine which might be best suited for future studies. These included the Modified Goetz Dyskinesia Rating scale (MGDRS), 17 the newly developed LangFahn Activities of Daily Living Dyskinesia scale (LFADLDS) ( Table 1) , and dyskinesia diary rating cards (Figure 1) .
RESULTS

SUBJECT CHARACTERISTICS
Baseline characteristics of the 4 treatment groups are given in Table 2 . Overall, patients' ages averaged (±SD) 64.3 ± 8.4 years and they had a diagnosis of PD for 13.3±5.8 years (mean±SD). Patients spent 75.4%±16.1% (mean±SD) of the waking day in the on state on average, including 59.5%±19.9% (mean±SD) of the waking day with dyskinesias and 28.5%±25.7% (mean±SD) with severe dyskinesias, according to the home diary. Some characteristics were not evenly distributed among the groups as a natural consequence of randomization. In particular, subjects in the 600-mg/d treatment group tended
PATIENTS AND METHODS
PATIENTS
Thirty-nine patients with idiopathic PD were enrolled from 5 sites of the Parkinson Study Group (Figure 2) . Subjects were aged 30 years or older and had disabling dyskinesias that were defined by their presence historically greater than 25% of the average waking day (ie, score Ն2 on the Unified Parkinson's Disease Rating Scale [UPDRS], part IV [complications of therapy], item 32 [What proportion of the waking day are dyskinesias present?]) and interference with activities of daily living to at least a moderate extent (ie, score Ն2 on the UPDRS, part IV, item 33 [How disabling are the dyskinesias?], and a score of 2 or more on at least 2 of the 5 items in the LFADLDS [ Table 1 ]). Subjects were treated with stable optimized dosages of levodopa for at least 2 to 4 weeks prior to enrollment, and could be taking stable dosages of selegiline hydrochloride, dopamine agonists, or catechol O-methyltransferase inhibitors. Patients were excluded if they were taking medications that could potentially alter parkinsonism, affect dyskinesias, or interfere with the metabolism or mechanism of action of the study medication, or if there was evidence of significant depression, dementia, psychosis, or other serious medical conditions.
PROCEDURES
After informed consent was obtained, screening medical and laboratory evaluations were performed with the patient in the "on" state (ie, with good function). Clinical assessments included the modified Hoehn and Yahr scale, UPDRS parts I to IV (ie, mentation, activities of daily living [ADL], motor function, and complications of therapy, respectively), Clinical Global Impressions scale, Schwab and England ADL scale, Mini-Mental State Examination, and the Beck Depression Inventory. Measures of dyskinesia severity were also obtained (described in the "Dyskinesia Outcome Measures" subsection of the "Patients and Methods" section), and the home dyskinesia diaries were introduced. To ensure reliable and accurate completion of these diaries by each patient, extensive instructions were given, an instructional videotape classifying dyskinesia severity was shown, and a training and practice scoring session was done with the investigator. During this session, the patient had to be seen in both "full off" and "on with severe dyskinesias" states (adjusting the dosage and timing of antiparkinsonian medications, if necessary, to do so), and complete agreement between the patient and the investigator on the classification of all observed clinical states had to be achieved. Patients were then given home dyskinesia diaries to fill out on each of 3 consecutive days immediately prior to the baseline visit. Within 14 days, qualified patients returned for baseline evaluation and the 3-day home diaries were reviewed. At this time, pretreatment clinical assessments were also performed during an observation period of 6 hours. Patients were instructed to take their usual doses of antiparkinsonian medications with a low-protein breakfast prior to arrival at the clinic and to report to the research center for the study visit at a fixed time (9 AM). All antiparkinsonian medications were given on a predefined schedule identical to the patient's schedule at home, and a standardized lunch was provided at a set hour.
At the end of the baseline visit, subjects were randomly assigned to receive remacemide hydrochloride, 150 mg/d, 300 mg/d, or 600 mg/d, or matching placebo, in 2 divided doses 12 hours (±2 hours) apart. The computergenerated randomization plan included stratification by center and blocking to ensure approximate balance among the treatment groups within each center. Sites telephoned the Parkinson Study Group Coordination Center, Rochester, NY, to enroll patients, and patient identification numbers were assigned through an interactive computer module. Patients were then instructed to fill out another set of 3 home diaries immediately prior to the next visit.
Administration of medication was initiated on the evening of the baseline visit and titrated up to the assigned dosage over 5 days. This intervention continued for a total of 2 weeks. If a patient developed intolerance to the medication, a change from the twice daily regimen to a 4 times daily regimen, without changing the total daily dosage, was recommended. to be younger and have less severe PD than patients in the other 2 groups.
INTERRATER RELIABILITY OF DYSKINESIA DIARY MEASURES
Near-perfect agreement was noted between the independent patient and investigator assessments of the percentage of on-state time with dyskinesias (intraclass correlation coefficients=0.89 and 0.91 at baseline and at week 2, respectively) and the percentage of on-state time with severe dyskinesias (intraclass correlation coefficients = 0.99 and 0.98 at baseline and at week 2, respectively). Table 3 describes the overall excellent agreement between patients and investigators on all of the diary classifications using data from all of the halfhour periods (average, 12.3 per subject) during the baseline visit.
ASSOCIATIONS AMONG THE DYSKINESIA MEASURES
Spearman correlation coefficients describing the associations among the dyskinesia measures at the baseline and week 2 visits are provided in Table 4 . Moderate to high correlations were observed between the home diary ratings and the clinic diary ratings. For the percentage of on-state time with dyskinesias, the correlations with home diary ratings at baseline were 0.47 for patient clinic ratings and 0.44 for investigator clinic ratings. These were similar to the correlations observed at the week 2 visit of 0.52 and 0.50, respectively. For the percentage of onstate time with severe dyskinesias, the correlations were 0.65 for both patient and investigator clinic ratings at baseline, and 0.78 and 0.77, respectively, at week 2.
Moderate correlations were seen between the MGDRS score and the home and clinic diary ratings of Patients were reevaluated after 2 weeks during another 6-hour observation period with identical clinical assessments. At this visit, home dyskinesia diaries were also collected, medication compliance was checked, occurrence of adverse events was reviewed, and safety evaluation measures were obtained.
DYSKINESIA OUTCOME MEASURES
The primary objective of the study was to evaluate the relationships among several measures of dyskinesia severity. Evaluation of dyskinesias was done using the MGDRS, the LFADLDS, and dyskinesia diary rating cards at each study visit.
The MGDRS is a revision of a scale introduced by Obeso, 18 and adapted by the Core Assessment Program for Intracerebral Transplantations. 19 An investigator describes the phenomenology, severity, and functional disability associated with a patient's dyskinesias and rates these dyskinesias on the basis of direct observation of the patient as he or she performs specific tasks. 17 In this study, the MGDRS was scored every 30 minutes over the 6-hour observation period (for a total of 13 assessments) at each visit. The investigator watched the patient walk, drink from a cup, put on a coat, and button clothing. Specific definitions for the severity rating codes (range, 0-4 for each task) were provided for reproducibility of results. A higher score indicates more severe impairment. Scores were averaged over the 13 assessments completed during that visit.
The LFADLDS is modified from the ADL section of the UPDRS (part II) and requires the patient to respond to questions assessing how dyskinesias, at maximal severity, influence his or her ability to write, eat, dress, attend to hygiene, and walk. It was scored at every visit, retrospectively assessing how the patient's worst dyskinesias affected ADL over the previous few days. Specific definitions for the severity rating codes (range, 0-4 for each task) were provided for reproducibility of results. A higher score indicates more severe impairment ( Table 1) .
The dyskinesia diary rating card can be completed by either an investigator or the patient. It requires notation of whether the patient is on state without dyskinesias, on state with mild dyskinesias, on state with severe dyskinesias, partially "off state" (ie, with poor function), fully off state, or asleep ( Figure 1 ). Diary entries are made every 30 minutes throughout the day, or over a specified period. Diaryderived outcome variables include the percentage of time during waking hours that the patient spent in the on state, on state with dyskinesias, and on state with severe dyskinesias. The dyskinesia diaries were completed by each patient at home on 3 consecutive days immediately prior to each study visit (home diaries). The same rating cards were also simultaneously but independently scored every 30 minutes by the investigator and the patient during the 6-hour observation periods at the baseline and week 2 visits (clinic diaries).
STATISTICAL ANALYSIS
The degree of agreement between the investigator and the patient with regard to clinic diary ratings of dyskinesia measures (percentage of on-state time with dyskinesias or percentage of on-state time with severe dyskinesias) was assessed using intraclass correlation coefficients. These were estimated using a 2-way random effects analysis of variance model. 20 The degrees of association among the various dyskinesia measures were quantified using Spearman rank correlation coefficients. These analyses were performed separately using data from the baseline and week 2 visits.
Changes from baseline to week 2 in the clinical assessments and dyskinesia measures were compared among the treatment groups using an analysis of covariance model with treatment group as the independent variable of interest, investigator as a stratification factor, and the baseline value of the outcome variable as a covariate. Using this model, the adjusted mean responses in the active treatment groups were compared separately with that in the placebo group using 2-tailed t tests. The significance level used for each test was .017, after Bonferroni correction for multiple group comparisons. Confidence intervals for each of the treatment effects were also computed using these models, including a Bonferroni-adjusted confidence coefficient of 98.3%. All statistical analyses were performed according to the intention-to-treat pri nciple. When dyskinesias are at their current maximum, writing is no different from the best performance without dyskinesias (writing may be small or illegible at the best of times but dyskinesias do not interfere further with writing). 2
When dyskinesias are at their current maximum, they interfere with writing but allow you to complete the writing task successfully with only a slight increase in the time or effort required and no further increase in illegibility compared with the best writing performance without dyskinesias. 3 When dyskinesias are at their current maximum, they cause substantial impairment in writing or drawing compared with the best performance without dyskinesias; result from the dyskinesias is more illegible than without dyskinesias and drawing shows more errors. 4 When dyskinesias are at their current maximum, they make writing and drawing impossible. Because of dyskinesias, it is impossible to maintain contact between pen and paper long enough to write or draw (ie, it is impossible to produce even small, illegible script).
Cutting Food and Handling Utensils 0
No dyskinesias are evident when you feed yourself which is accomplished as well as your PD allows at the best times. 1
When dyskinesias are at their current maximum, they do not interfere at all with cutting food and feeding yourself. The ability to feed yourself is no different from the best performance without dyskinesias (this includes slowness and clumsiness, possibly even requiring help at the best of times as a result of persistent problems with parkinsonism). 2
When dyskinesias are at their current maximum, they definitely interfere with feeding but allow you to complete the necessary feeding task with only a slight increase in time or effort compared with the best performance without dyskinesias (any assistance required in cutting food or feeding relates mainly to the underlying parkinsonism and persists at the best of times without dyskinesias). 3
When dyskinesias are at their current maximum, they cause substantial impairment in feeding compared with the best performance without dyskinesias; as a result of the dyskinesias, more help is required to cut food or feed yourself than at the best of times without dyskinesias. 4 When dyskinesias are at their current maximum, they make feeding impossible and even with full assistance from someone else, feeding is exceedingly difficult or impossible because of the presence of dyskinesias.
Dressing
0
No dyskinesias are evident when you get dressed or undressed including outerwear to go outdoors that are accomplished as well as your PD allows at the best of times. 1
When dyskinesias are at their current maximum, they do not interfere at all with the performance of dressing tasks. These are completed no differently from the best performance without dyskinesias (this includes slowness and clumsiness possibly even requiring help at the best of times as a result of persistent problems with parkinsonism). 2
When dyskinesias are at their current maximum, they definitely interfere with the performance of dressing tasks but allow you to complete them with only a slight increase in time or effort compared with the best performance without dyskinesias (any assistance required in getting dressed, including doing up buttons or getting arms into sleeves, related mainly to the underlying parkinsonism and persists at the best of times without dyskinesias). 3
When dykinesias are at their current maximum, they cause substantial impairment in the performance of dressing tasks compared with the best performance without dyskinesias; as a result of the dyskinesias, more help is required for dressing than at the best of times without dyskinesias. 4 When dyskinesias are at their current maximum, they make the performance of dressing tasks impossible and even with full assistance from someone else, dressing is exceedingly difficult or impossible because of the presence of dyskinesias.
Hygiene
0
No dyskinesias are evident when you wash, shower, bathe, shave, brush your teeth, and so on, that are accomplished as well as your PD allows at the best of times. 1
When dyskinesias are at their current maximum, they do not interfere at all with the performance of hygiene tasks. These are completed no differently from the best performance without dyskinesias (this includes slowness and clumsiness possibly even requiring help at the best of times as a result of persistent problems with parkinsonism). 2
When dyskinesias are at their current maximum, they definitely interfere with the performance of hygiene tasks but allow you to complete them with only a slight increase in time or effort compared with the best performance without dyskinesias (any assistance required in hygiene relates mainly to the underlying parkinsonism and persists at the best of times without dyskinesias). 3
When dyskinesias are at their current maximum they cause substantial impairment in the performance of hygiene tasks compared with the best performance without dyskinesias; as a result of the dyskinesias, more help is required for washing, grooming, and going to the bathroom than at the best of times without dyskinesias. 4 When dyskinesias are at their current maximum, they make the performance of hygiene tasks impossible and even with full assistance from someone else, washing, grooming, and going to the bathroom are exceedingly difficult or impossible because of the presence of dyskinesias.
Walking
0
No dyskinesias are evident when you walk which is accomplished as well as your PD allows at the best of times. 1
When dyskinesias are at their current maximum they do not interfere at all with walking. The ability to walk is no different from your best walking without dyskinesias (this includes slowness, unsteadiness, freezing, and even the need for assistance at the best of times as a result of persistent problems with parkinsonism). 2
When dyskinesias are at their current maximum, they definitely interfere with walking but still allow you to walk with only a slight increase in caution, time, or effort compared with the best performance without dykinesias possibly as a result of more unsteadiness or more frequent stumbling (any assistance required for walking relates mainly to the underlying parkinsonism and persists at the best of times without dyskinesias). 3 When dyskinesias are at their current maximum, they cause substantial impairment in walking compared with your best walking without dyskinesias, more help is required to walk than at the best of times without dyskinesias. 4 When dyskinesias are at their current maximum, they make walking impossible and even with full assistance from someone else, ambulation is exceedingly difficult or impossible because of the presence of dyskinesias. (Table 4 ). The associations were notably better between the MGDRS score and the clinic diary ratings compared with the home diary ratings. At week 2, moderate correlations were also observed between the MGDRS score and the clinic diary ratings of the percentage of on-state time with severe dyskinesias (Table 4) .
Moderate correlations were demonstrated between the LFADLDS score and the home and clinic diary ratings of the percentage of on-state time with severe dyskinesias at the baseline and week 2 visits (Table 3) . Only a weak correlation was observed with the home diary ratings of the percentage of on-state time with dyskinesias. The MGDRS and LFADLDS scores did not correlate with each other at baseline and correlated weakly at the week 2 visit (Table 4) .
TOLERABILITY AND SAFETY
All 39 patients tolerated their assigned treatments for 2 weeks without adjustments in total daily dosage. Adverse events were similar to those seen in previous studies of remacemide treatment in patients with PD, the most common being dizziness and gastrointestinal discom- Instructions: Please put an X in the correct box for every half-hour period, using the term that best describes your condition during the last few minutes of that half-hour. Only one X should be in each half-hour period.
Figure 1.
An example of the dyskinesia diary rating card. The definitions of the various states are as follows: "on" with severe dyskinesias; troublesome or disabling: dyskinesias make activities somewhat difficult or very difficult. Take feeding for example. The patient can eat independently, but may do so sloppily with spilling of food, or may be even more severe-not being able to eat because of dyskinesias. 
EFFICACY
There were no significant differences between the placebotreated and remacemide-treated groups for any of the dyskinesia measures (Table 6 ). Statistically significant improvements in the UPDRS motor score (P=.01) and the UPDRS ADL score (P=.004) in the off state were seen in patients receiving 150 mg/d of remacemide hydrochloride after adjustment for multiple comparisons. Trends toward increased percentage of on-state time in the home diaries (P=.04) and improved UPDRS ADL score in the off state (P=.04) were seen in patients receiving 300 mg/d of remacemide hydrochloride. Lastly, a trend toward improved UPDRS ADL score in the on state (P=.04) was seen in patients receiving 600 mg/d of remacemide hydrochloride (Table 6 ).
COMMENT
While there are standardized methods to assess changes in a patient's motor function and overall impairment from PD, there are none that satisfactorily assess treatment effects on dyskinesias. 21 The UPDRS, the most widely used scale in the evaluation of PD, includes extensive assessments of motor and functional capacity. 22 For evaluation of dyskinesias, however, it requests only a rough estimation of their duration (in 25% increments), association with pain, and resulting effect on function (ie, nil, mild, moderate, or severe effect). The Abnormal Involuntary Movement Scale, originally designed for studies of tardive dyskinesias, does not specifically reflect the disabilities, phenomenology, or distribution of involvement associated with dyskinesias in patients with PD. 4, 17, 23 Another scale, introduced by Fahn 24 and used by Kurlan et al 25 rated motor function on a continuum extending from akinesia to hyperkinesia, reporting these as being on opposite ends of the spectrum, and implying that these 2 phenomena are mutually exclusive. 26 We found consistently excellent agreement between the patient and investigator assessments using the clinic dyskinesia diary rating cards. Moderate to high correlations were also seen between clinic diary and home diary assessments. These validated the use of patient diaries in the documentation of the patient's functional state and motor fluctuations throughout the day in the home.
The LFADLDS score showed moderate agreement with home and clinic diary assessments of the percentage of on time with severe dyskinesias at the baseline and week 2 visits. This corroborated the usefulness of the scale in *Data consist of multiple observations (1 per half-hour period) from each of the 39 patients (average, 12.3 half-hour periods per patient) resulting in 480 observations. SD indicates "on" state with severe dyskinesias (ie, dyskinesias make activities somewhat or very difficult); MD, on state with mild dyskinesias (ie, dyskinesias are noticeable but do not interfere with activities); ON, on state without dyskinesias (ie, close to the way the patient was before parkinsonism developed); PO, partial off state (ie, slower than the patient's best and can still function fairly well); and FO, "full off" state (ie, equivalent to the patient's typical full off state that is defined by poor function). evaluating a patient's worst dyskinesias as these effect ADL, a measure for which this scale was specifically designed. The MGDRS score showed better agreement with the home and clinic diary evaluations of the percentage of on-state time with dyskinesias. It did not correlate with diary assessments of the percentage of on-state time with severe dyskinesias until the week 2 visit. In addition, not surprisingly, associations with clinic diary ratings were consistently better than with home diary ratings. This emphasizes that the MGDRS score more accurately reflects a patient's status during the observation period, and only less so how the patient fares at home. Furthermore, the MGDRS is intrinsically a labor-intensive and timeconsuming procedure, and because in practice only a limited number of assessments can be performed over any given period, it may not capture a representative sample of a patient's daily dyskinesias. The observation that it was only at the week 2 visit that more significant correlations were seen between this scale and both the percentage of on-state time with dyskinesias and percentage of on-state time with severe dyskinesias also suggests that there may be a learning curve for the investigators in the use of the MGDRS over time.
The MGDRS score did not correlate with the LFADLDS score at baseline, and the correlation was weak at the week 2 visit. Again, the week 2 results suggest that, indeed, there may be a change over time in the investigators' use of the scale, albeit that only a weak correlation was seen. The poor correlation between the historical information from the LFADLDS and clinical observation data from the MGDRS suggests that the dyskinesias evaluated in the office may not always be a reliable representation of the most severe dyskinesias experienced at home. This finding further reiterates the usefulness of a historical disability scale such as the LFADLDS in evaluation of dyskinesias.
Overall, we found that with proper training, dyskinesia diaries designed to assess the frequency of dyskinesias are a reliable measure of a patient's day-to-day state and may be a more convenient, less labor-intensive method of evaluating dyskinesias than an investigatorbased assessment. Although they may not document the entire spectrum of frequency, severity, phenomenology, anatomical distribution, and functional impairment associated with a patient's dyskinesias, aspects that may be more accurately and individually assessed by other scales such as the MGDRS or the LFADLDS, they still Table 2 for an explanation of the various states. ‡Values are statistically significant after correction for multiple group comparisons.
provide a practical and reliable measure with potential utility for evaluating dyskinesias in clinical trials for PD. In this study, we confirmed that remacemide hydrochloride is safe and well tolerated over a 2-week period at dosages up to 600 mg/d in patients with PD and dyskinesias who are treated with levodopa. There was improvement in parkinsonian impairment on some secondary outcome variables (eg, motor UPDRS scores, the percentage of on-state time, and UPDRS ADL scores in the on and off states), although others (eg, Clinical Global Impressions scale scores and Schwab and England ADL scores) failed to show any significant differences. We observed no significant improvement or worsening in dyskinesias with remacemide treatment as evaluated by the various scales used. However, this was a small pilot trial, and the 98.3% confidence intervals for the estimated treatment effects were wide. Thus, larger trials are required to establish the effects of remacemide treatment on dyskinesias and parkinsonian impairment.
